airplane model. Th e derivatives inve tigated we1'e the dampingin-yaw del'ivative C nT (the yawing moment due to yawing), the damping-in-7'oU de7'ivative C lp (the rolling moment due to rolling), and the two cro s derivative CIT (the rolling moment due to yawing) and Gnp (the yawing moment due to rolling). Flight tests oj a jree-jlying model were made in which the derivatives were varied over a wiele range by means oj an cLrtijicial-stabilization clevice incorporating a gyro cop en itive to rolling or yawing velocity . Calculations oj the pe1'iod and damping oj the lateral motions and oj the l'esponse to roll and yaw disturbances were made jor con'elation with the experilnental l'esult . I n ordel' to simplify the analysis, mo t oj the calculation werl' ba eel on the a umption oj idealized artijicial

I TROD CTIO
: Many pre ent-day high-peed airplane have exhibited un atisfactory damping of the lateral 0 cilia ion, partly b cau e of the configurations r equired for high-sp ed £Iigh t and partly becau e of the more ever e operating condition encounter ed (high altitud e and high wing loading). ince in many case ati factory 0 ciliatory tability cannot b obtained by making r ea onable geometric change to th e' airplane, much interest ha b en shown in the use of artificia.ltabilization de i es a fi, m ea,ns of obtaining sfl lisffletory da.mping of the lateral oscillation .
Yaw damper h ave been in taned in some' airplane'S in nn effort to improve th e lateral oscillalo ry sta bility. Thi arLificial-stabilization devi e provides r udder de fiection in r e pon e to a signal from a gyroscope sen itive Lo yawing velo city 0 that Lhe yawing moment of the rudder Lcnds Lo damp th e laLeral motion of the air·plan. In an idealized y tern su ch a device produces (,h e damping-in-yaw deri vative C nT (the ya" wing moment due to yawing ). imilar device can be con ider ed, in an idealized ca e, to vary the damping-in-roll derivative C lp (th e rolling moment due to rollinD' ) and th e two cros derivatives C" p (the yawing moment due to rolling) and a lT (the rolling mom nL due 1,0 ya wing).
In a practical ca e, of COLli' e, th e actual ch aracteristics of th e artificial-stabilization device hould be taken into accoun t rather than con idering that the devi e produce a imple chanD'e in one of th e e derivative. R efer en ce 1 and 2 present ome r esul ts of theoretical invcstigation of large derivat.ive variations as produced by idealized ar tificialstabilization y Lem and r efer ences 3 and 4 present m ethod for taking into account the effect of con tant time laD' in the tabiJization sy tern .
1
Var ying Lhe v alu e of either of the damping derivatives On T an I ( \ change th e total damping of the airplan e. Varying the valli e of either of the (TO derivative ( '''p and CIT primarily causes a l'eeli tribution of Lhe natural damping of the sys tem 1'01' case in whi ch the airplane h as lOll' values of the produc t of inertia. For h igh values of the produ c t of iner tia , varia Lion s in C np or CIT can cau se iza ble changcs in th e to tal damping of Lhe airpl an e.
In o rder to tud y the relative efle ct of large incl epen lent variations of the e four rot ary Lability derivatives on the dynamic stability and control characteri sti cs of airplane, a n in\'e tiga tion Ita been carri ed ou L in th e Lanale) freenight tunnel on a. free-flying dyn ami c a irplan e m odel eqll ippec/ wi tIt an artificial -s ta bilization dev ice in corpora ting a rnt r-s('n sitiveg)ToscO})(,. Thi in v(' ti gationi a partofa ge lleml r('senrch prog ram to d('[ erlllill e (h e r11r ('[ s o f seve ral of the lll( enl l-tabilit.\' d(' ri\'a ti\' es, hOUl ind epl' IHI (' ntl ." and ill ('o mbinati o n, o n dyn ami c lnt (' ra l ta bilit y a nd control.
Force t('s ts ,,'e r(' ma ck to cI (' L ' rmin e a ll Lhe la t(' ral-tabili L.\' derivative of Lhe model in Lhe ba ic condi t ion for use in making cal c ulation ancl es tablishing fli o-ht-t es t conditions. Calcula tion \y ere m a de to de termine the period a nd damping of the la teral moti ons and th e lateral r esp ons to rolling and y a\\-ing di turb an ces for correlation with fli o-ht-te t r esults. In 01'(1 ('1' to simplify Lhe anal.rsi , mo t of th(' calculation wer e based on the as umption of icl ('alizrcl arLificial-La bilizaLion ys Lems although the s ta biliza tion device u ed in tb e tes t did h ave a mall cons tan L lime lag. Additional calculations including the effeel of con Lan t time lag wer e macIr for some conditions in which Lh e id alizecl Lheo1'Y was noL in good quantitative agr eem enL with the experimental r esult . Allt e t and calculation s wer e m a de a L a EEL coe fficienL of 1.0.
Altho ugh the 1'0 ults do noL appJ)" direc tl y to airplane or flig llt conditions oLu er Lhan tho e inn tiga Lrd , Lh r trend s of the l'r ult pre ent ed ar e brli r vrcl to give a q ualitativr indi cat ion of th e general efi' rc ts of large ind ep endenL vari a-(ion o f the four stabilil. \-deriva tive und er con id eration .
YMBOLS AND COEFFCIE TS
All for ce and mom r nL mea urr m enLs wer e oht a ine::l with n 'sprc t to th e tabili ty uxrs. A sk etch howing Lh e axe and th e positive din'c tions of Lh e fo rces, moments, and angle
Y awing mom ent/qSb r olling-moment coefficient , R olling momenl /qSb la Leral-force ('oeffici ellt , Lutrral force/qS rolling m om ent , about X-ax i , fL-lb .vawing momrnt , nhollt Z -n,xi s, ft-lb lat r rnl fo rcr, III <iynmnir-presslll'C, ~ p 172, Ih/sq ft wing ill'Nt, sq fL <ii s tan ('e from a il'plnnr ('rnt er o f' g nwit .\, to YNt i('ill-(nil ernter of pl'r 1I1'l', f(
-Th e sLabili Ly ~y8Lem of axes. A rrow s indi ca Le p o i Li ve direct ions of mo m ent,;, for ces, and angles. Thi,;. ystem o f axe -i s defined a~ an or l hogonal sy te lll hav ing the o ri gi n at the cenLe r of g r av i t~' and in whi ch t he Z -ax is i8 in t he p lane o f f\~' m m i r y an d p erp endi cula r \'0 Lhe r el a ti ve wi nd, th e X -axi s is i n Lhe pl ane o f sy mm cLr y a nd perpe nd i cular to Lhe Z-axi s, and t.h e Y-axi s i s p erp enriicu lar to fh e plane of s.\'llllll etr.\'. ,\ f a eo nsl an l ang le of attack , t hrse axe's arc fi xed in f hr a irplan f'. Th e fligh L-Lc L par t of tho in vesl igat ion wa ca rried ouL Lil. Lh e Langle.\T fr ee-Hight Lunn el which i eq uipped for le LLn g fr ee-fl)~ing dynamic mod el. A compleLe descripLion of th e tunnel ancl i ts operaLion is giv en in r efer en ce 5. Th e Lalic 10ngiLuclinal a nd laLeral sLa bilit. ,-ch aracLeri Lics w er e determin e 1 in Lhe Langley labiliL.r tunnel and Lhe a ileron-,\ 11(1 l'lIc1d er-d f£'('Livene Le t were m acl e in Lhe Langle.\' fro£'-ni gh t tunnel. The d.nlnmi (' Int ernl-Labil il.,-c\ erivativ£' w£' re determined ill Lhe Langley s lability LlIll.llol b)' Lh e .\'f.wingn!lel rolling-fl ow lechniquo desc rib ed in r efer ences 6 Ie.nd 7.
A three-view drawing of Lh e model used in Lhe inve tigaLion j presented in fi gure 2 and a photograph of th e model is presented a fi gute 3. The dimensional and mas harfl,cLeri tic of Lho model are presented in table 1. A wing l uwing 45° sweepback of Lhe leading ociO'o, a tap er r aLio of 0.5, and an a pe L ratio of :3 .00 was incorporated ill th e c\£'sign because thi s pla n fo rm wa t.'-pi cal of a llumber or propo eel figh ter aiJ:planE' . The cenCer of gravi Ly of Lh o model was lo cated a L 23.:3 p ercent of L h o mean aerodynamic chord for all te t, . The model was equipped with oversize (half-span, 30-percent-chord) ailerons and an all-movable vertical tail in order to obtain the high rolling and yawing moments required for large variations of the rotary der'ivatives. Th e ailerons were also u ed for manual control but th e all-movable tail had a flap-type rudder for manual control. Oonventional horizontal tabilizing sUl'faces were employed. A boom-type metal fuselage wa u ed in order to simplify the construction of the model.
For manual control the rudder and ailerons were electrically interconnected to move too-ether in order to eliminate th e adver e yawino-moment of the ailerons. Aileron and rudder deflections of ± 21 ° and ± 14 0, respectively, were u ed for all flight conclitions except for the highe t value of Clp. In thi condition the aileron deflection was ± 29° and th e rudder deflection wa ± 19°.
Th e manually controlled rudder was operated by a flickertype (full on or full off) electrical actuator. Although all other servoactuators were of the proportional pneumatic type, es entially flicker-type control wa obtained with them because control was applied by abrupt movements of the control sticks and becau e very high gearing wa used between the stick and control smface.
In order to have the modelrepresenL an airplane Lhat had poor oscillatory tability and hence require an artificialtabilization device, the ' wing incidence was adju ted so that the basic model had a neutrally stable lateral oscillation at the test lift coefficient of l.0. This neutrally stable 0 cillation was obtained by increasing the wing incidence to 10° o that the principal axe of inertia became more closely alin ed with the wind axes. (See ref. 8.)
ARTIFICIAL· STABILIZATION DEVICE
The artificial-stabilization device used in thi investigation consisted of a rate gyro and a servoactuator. The rate gyro wa mounted on a quadrant so that it could be alinecl with either the roll or yaw tability axi ; therefore it would be en itive only to a rolling or a yawing velocity as desired. The servoactuator operated both Lhe aileron and the allmovable tail to produce the derivative 11) or CIT' In order to produce pure rolling moment without adver e ya" w, the all-movable tail had to be deflected simultaneou ly with the ailerons. For the two yawing-moment derivative C n and p Cn, the servoactuator operated only the all-movable tail. 
Airfoil , cL i n_______ __ _ __________ Rhod e Area, : Ar a: D efl ection of the all-movable vertical tail to produ e tbe rolling-and yawing-moment derivatives a.l 0 pro luced change in tbe lateral-force derivative Yv (th e lateral force due to rolling) and Y r ( h e lateral force du e to ya\'/ing). In the calculations, however, the e hanges in OYp and C y r were neglected becau e preliminary calcu lations inciica,ted that even the large t chanO'cs in the e dcrivatives did not appreciably affect the calculated 1'e ult .
The value of a derivative was artiflCially increased or decreased by varying the gyro l'otor peed or the co n(,l'ol linkage to produce more or Ie control clencction for a given rolling or yawing velocity. The sign of a derivaLive \Va changed by rotating the gyro 1 0° about the rotor axi to give oppo ite re pon e for a given velociL)!.
A chematic drawing of th e control system u ed for the 0 1 derivative is hown in figme 4. Bolh ailerons were 11 ed 1) ~ for control bu t for lari t.Y in the chawing on1." onc ailcron i shown . This drawing how the artificin l-labilizalion device, the manual c1'voactuator, nnd tbe control linkagc. Thi linkage allowed both the artificial-stabilization device and manual ac(,uaLoJ' (,0 operate the ame Ailcron sUlJaccs. The tubes hown in figure 4 supply ail' to the gyro rotor to produce a given rotor peed and to the ervoactuator Lo provid the force required to move the control urface. Ail' is tllso upplied to the KP'O pi k-off valve which varie the ignal pre me to the servoactuatol'.
In order to explain the operation of (,ho artificialstabilization device, the a umption are made that the device is et up (,0 produce negative alp and that the model has received a 1'0llinO' di turbance cau ing the model to roll to the right. The operation then is as follows: In re pon e to the rolling velocity the rate-gyro rotor produce a orq ue about the prece sional a:...ri of the gyro and Lhe resulting rotation about thi a),, "i cau e the pick-off valve to move. The movemen t of the valve varies the ignal pre me to the e1'VOactuator which deflects the control surfaces. Thi control deflection produce a rolling moment which tend to prevent the model from rolling to the righ t.
An example of the result ob ainecl from the calibration of the ar tificial-stabilization device is shown in figure 5 . The re ult presented, which are for one value of the derivative 01 how the variation of the amplitude ratio and the v' pha e angle with frequency. These re ult indicate that the am.plitude raLio did not vary appl'eciabl)" throughout the frequency range, but th variation of pha e angle with frequency was ucb that the system had an e entially con (,ant time lag of about 0.05 econl.
DETERMI ATlO OF BA I STABILITY AND CO TROL PARAMETER OF THE MODEL
The stabiliLy derivative of the model in the basic co ncUtion for a lift coefficient of l.0 were cleLermined from force te t made a(, a dynamic pre ure of 25 pound pel' quare foot, which correspond to a te t Reynolds number of approximately] ,245,000 based on (,he mean aerodynamic chord of l.3 feet. The r e ulLs of the e tesL are given in table II.
Aileron and rudder eITe Livcnes at a lift coefficienL of ].0 wa determin.ed Itom force to t made at a d.\"namic pl'esm e of 3.0 pound p L' qUilre foot whicb cone pond to a te L R eynold number of approximately 350,000 ba eel on the me~n ael'odynami chord of 1.3 feet. The 1'e ults of these te t howed that for the range of deflections used in 
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- Frequency, w, rodions/sec lhe flight lests the variation of control moment with control deflection was linear. The aileron produced a valuc of (('!)~a of 0.001 pel" degree and the all-movable lail produced a value of ((\ )~t of 0.001 pel' degree. These dala were u ed in determining the value of the stabiljt~, deri\rative sunulated b~r the arlificial-tabilization cleviee .
FLIGHT TESTS
TEST PROCIWURE A 0 RATI GS OF FLIGHT C HARA CT E RI ST I CS Th e variou flight chfil'aeteri Lic ralcd in the fl'ce-f1ighl-tUllnel tests wcre the damping of the lateral oscill~l Lio n, appnrent spiral tnbiliLy, npparent clamping in roll , maneuverability, controllabilil)' , and general fli ghl behnvior. The rn lings are 1 isLecl and defined in table II. The e ratings merel)-inelien te l he relal ive efl'eet of change in the various cieri,-alives on the flight characteri tic and hOlild not be co nsidered as ab olule raling that can be u cd lo relate thesc re LIlt wilh re lilt COl" other model or fllll-cale nirplnn es. .:\[olion-picture record \\-ere al 0 obLained to upplcment lhe flight rating. One of th e mnin u cs of the e records was to provide time historie [or mrn uring q uanLitn tive value of damping. CL__________ _____ _ __ Lbe normal full-scale fligh t-Le ting procedure in which th e air plane i r elea ed from a sideslipped att itu de 0 1' d isturbed by an abr upL ru d leI' deAection . B eca use of Lh e limited ize of th e test ection in Lh e free-fligh t tunnel, th e m odel u ually truck th e tun nel wall af ter a ide lip di t m ban e befor e enough c. vele of an os illation co ul d be obtained for letermining Lh e damping. ApparenL piral stab ili ty i a m easur e of th e abili ty of th e model Lo fly, con tr ols fi xed, withou L a n ap eriodic el iv rgence into the l UI 1J1el wall. Ono indi caLion of piral in Lab ili ty in the fligh L te ts was th e nece i ty 101' almo t conLinli Oll COl'l'eCtive control to preven t a n aperiodic el i ve rgence into Lh e Lunnel wall. Apparent damping iI1 l'oll i th e m ea ure of Lh e sLiffn ess in 1'011 of Lhe m odel in l'e ponse Lo aileron con trol.
In thi inves t.igation m a neuve ra.bility i consider ed a m easIIl'P of the ab ility to mll.nell ver Lhe m odel witb aileron con trol 287322-54-2
easily and qu ickly. ConLroll ability i a mea UTe of Lh ell. e with which th e model can bo kepL :flying atisfactori jy in a wings-level aLtitude. The ge neral f1 igh t behavior is an lndicaLion of Lh e over all fligh t ch aracteristic as affected by all Lhe variou Labili ty a nd control characteristics. A proper balance of 0 cilIato!'.)' a nd aperiodic tabili ty, controllability, and maneuverab ility i necessary Lo give saLisfactor.v flying ch aracterisLic. The o-e neral-Aigh L-beh a,vior raLin g are Lhe refore considpJ'od t he be t basi for ju do-ing L h e relaLive merit of Lhe Val'i Oll Aigh lle t conditions.
R ANGES OF VA Rr A B LES
All flio-h t tests were made at a lift coefficient of LO and a wing loading of 3.85 pound s pel' square foot which correspon ds to a valu e for the relative density parameter J.1-of 12 .5 at ea level. The ranges of values of the foul' artificially varied derivatives for which flight te t were made are given in the following Cn,.
-. 07
The values of the derivativ('s fol' the model in t he ba ic coneli tion were determined from forc e tC'sts to an accuracy or two decimal places. For the artificial variation or the dcrivati\' e , howev e1', the values 'ould be detcrmined to an accuracy of only one decimal place. For certain conditions in which the experimental and calculated results were not in good quantitative agreement, additional calculations were made in which the eIl'ect or time lag in the artificial-stabilization device was C'onsidered. These calculations were made for a con tant time lag of 0.05 second by the method of reference 3. Extensiye calculations were not made by this method, hm\'evel', becau e of the extremely laborious proce involved and because a ytematic determination of the effect of time lag on stability throughout the variation of the four derivative was considered beyond the scope of the present investigation.
The damping of both the 0 cillatory and aperiodic motions is expressed in terms of the damping factori j TI /2, the reciprocal of the time to damp to one-half amplituck Positive values of this damping factor indicate stability and negative values indicate in tabilit.\' (01' time to double amplitud e) . Calculation of motion were also made by the method or reference 9 on a Recves Electronic Analog Computer for some rep]'e entative flight-test cond itions (table 11) to d('tel'mine the re ponse to a rolling-or a ya \\-ing-moment diturbance of 0.01. In these motion calculations the di turbance wa applied in one direction for approximatel." one-half the calculated period of the 0 ('illation and then appli ed in the oppo ite direction for an eq uallength of time.
RESULTS A D DISCUSSlO
J>RESENTATI O OF RESULTS
Tll C ('xpcrimental ]'e ult ar(' presented primarily in 1IH' form of rating for thr dynamic stability, control , and ge l1(' ral fli ght behavior ba eel on titC' piloL' commenl and, ill son1(' cases, these rating are upplC'Jllented by lime historiC' of the motions of th e model taken fl'om Jll otion-pi ctul'(' records. The calculaLed dynamic lateral stabiliLy characteri tic of Lhe model for Lhe range of each derivativc covered in the inve tigaLion arc presented in figure 7, 10, 13, and 16 in the form of period and damping of the lateral oscillaLion and damping of lhe aperiodic or nono cil latory modes of motion. E:-'l)erimenlal value of period and damping of Lhe shortperiod lateral oscillation detenuined from the !lighl-test records arc also hown in these figure for comparison with the Lheoreticalre ulLs. The damping of both the 0 cilIa tory motion and the aperiodic mOLion is expressed in Lerm of the damping fucLor 1jT1/ 2 • The calculated re pon e of Lhe rnode! Lo rolling and yawing cl isturbances for \-arious value of each derivative i preented in figure ,11, 14, and 17. The pri. tuary reason for making lhe e calculation was to obLain a theoretical indication of the effecL of change in the various derivative on the initial response and resulting moLion for u e in e:-.-plaining the flighL-te t result .
The effecls on dynamic tability, control, and general flighL behavior or artificially varyjng the del'i vaLi ves are discu sed independently fol' eaeh derivative. Results are pre~ ented for a wide range of values (both positive and negative) for each derivative; however, since damping of the lateral osci ll at ion is the primary function of any arlifieialtabilizalion sy tem, only variations of the derivative in the direeLion which produce improvement in oscillatory sLability al'e discus ed in delail.
The experimental re ults, ba ed on flight rating for oscillatory sLabiliLy and g neral !light behavior, are summarized in figure 1 . In Lhi ummary a compari on is made of the impl'ovemen ts in oscillatory stability and of the accompanying changes in general lligh t behavior obtained by varying the difl'erent deri \ r u Lives.
The effect of each deri va live on the total damping of the sy tem arc pre ented in figure 19. These resulL are presented in order to provide a beLter underslanding of Lhe effecls of Lhe difl'erenL deri\'atin on 0 cillatol'Y ~lahiliLy and general flight behavior.
A compuri on of the calculated effects of the four dOl'i vatives i hown in figure 20 in order to show the relative effectivene of each derivative in providing aLi factory oscilla tory tabili ty. For this comparison the period and clamping factor have been scaled up 0 that the re ult can also be compared directly with the Air Force and ~avy damping r equirement (refs. 10 andll). In caling up the e yallle the model \\'a assumed to be a ~-scale model of an a irplane; therefore, Lhe perioe! of the model " ' 3 multiplied by ;~ and Lhe damp in g facLor was divided by 3. 
EFFECTS ON DY JAMI LATERAL STABILITY AI ]) CO J'['ROL OF LARGE VARIATIONS IN ROTARY
lo'rc:URt; (i.-II'lighL r cord H of i he l aLe r allll oL ion for var ioll ' val ues of C"r' a.
Yawmg moment due to yawi ng, en, ICl ca ' RI!: I.-Calcul a t ed !'ffcel or (' n r O il stab ili ty a ll d cOfl 'lm ri soll wi lh l'xpc rilll ciltal dala.
As (I", \\'as in ereused in ti l(' nega lin direc lion, l h e clamping o f lh e laler al 0 cillalio n in cr eased up lo an opl im u m yahl e a nd th en d e('l'eased whi! the ap paren L spiral s tab ilit.Y continued to improvc'. In thi , range th e la leral ('o ntrol II'as goo d , a ncl no app%l'l'nL los of man euverab ilit y occu rred wiLh in c'J'easing ('II,. Tile h e l ge neral f1i gh L hehavio r \V a ohtained \\'ilh a value of ('''' li ghtly g reater lh an tha l whicb p rocluC'ecl th e gl'eate l d umpin g of lh e 0 cillat io n. A dela il ed di scussion of the ch a nges in dynamic tabilil)' , conlrol , a nd ge neral fligh t bebuI'ior i giv en in tile follo\\-ing sec tion.
Dynamic stability.--In th e basic condition (C n ,= -0.2 1), l he model had n ulral 0 . ill a tor.)' Labili ty. The f1i gh L r ecor ds of figure 6 indicale lh al moderat e incl'ea es in lh e va hl e of (Yn, in th e n ega tive directio n caused a marked improvement in clamping of Lhe h orL-period lateral oscillaLion . Further negal ive inerea e in Lb e valu e of ('n T caused a redu ction in dampin g of th e 0 cillation ; in fac l , oscillatory in tabilit y wa obLa in ed wi th a valu e of ('" of -7 .2. I t . r appeared to the pilot Lh a t t he best dampin g of Lh e 0 cillaLion was ob tain ed with valu es o[ ('''' between -1 a nd -3.
IV-hen ('''T was va ri ed in t he positive dire lion from tbr ba ic condition , the lateral 0 ciHat ion became unstable. T hi s insta bil ity in crea ed unt il , aL a valu e of ('n, of 1.8, Lhe mod el became so un table Lbat sustain ed f1igbL \Va imposible. X ci the]' lll e p eriod n or th e Lime for Lhe 0 cillaLion to double amplilud e could be estimated from t he flight-test resul ts in Lili s range of ell, becau e th e model could no t be allowed to fl . " unconLrollecl for m or e than a eco nd 01' t wo a t a lim e.
The com pariso n of th e calculated a nd exp erim enlal va lu e of p eriod and damping of the lateral 0 cillatlOn h own in flgUl'e 7 indicates goo d agreement for the varioLl value of ('", co y el'ed in th e te t. Th ese l'csulL indicale Lhat maximum dampin g of th e 0 cillat ion \Va obtained wit b a valu e of ('''' of about -2.0. For lhi value of ('"" th e lateral 0 cillation damprcl to o ne-h alf amplilude in about 0.9 eeon el. T h ese r e ult al 0 show th at th e p el'iod of the 0 cillation inc'l'casecl from about ] .4 seconds Lo aboul 2.2 e ond s as ('''' was varied from -0.21 10 -7.2 .
For til e h igh c' r n egalive valu e' of ( '''T (-:~.2 lo -7.2 ), Lhe fligh t test indicaled tll at t he lateral molion of lhe model p1'oo']'e ively cha nged [rom th normal Dut ch ]'011 0 'illation lo a pendulum t . '· 1~e o f osc illation l hat co ns i lecl mainl.\' of roll a nd siciewi e eli placement. The Lime hi Lori e of figure 6 h ow th al at a valu e of ('", of -7. 2 Lhe ratio of yaw to roll i approximal t'ly o np-il a lf the valli e ob Lain ecl in th e ba ic condition . Thi s de('('ea.se in I il e ratio of .,'aw to ro ll i atlribuled to th e fac l th a. t in cr ea in g thp cla mping in yaw causes partial reslra int o f t he ,I-aw in g m o tions. Thi c ha nge in t he na ture o f th e la tera l osc illati on IS a l 0 sho \\'1l ill t il t' 'alcu laled motion s in figure . During the flig h t tesl a change \\',1.S also noted in th e nonoscilla to ry dynamic la teral sta bilit.,· of the model a ('''' \Va val'ied. Althou g h the clamping of th e ap eriodic modes of motion ('ou ld not be mpa u recl from liw Ri g ht-les t r ecords, lh e pilot was awa re of in('l'ea ingl)' bet LeI' appa rent. piral s tab ility as ('II, was in('J'('a ed n ega tivel." in ce Llw model wou ld fly for lon g pC'I'iod of time with co nlrols fixed ell' piLe tb e natural gu Li ness of l h e ai l' flow. Thi inC'rea e in apparen t piral slability i hown b,v the t im e hi lories ( fig. 6 ) which indi cate that il was po sible to oblain lon ger uncontrolled Rig ht record s a (Y1l, wa iD C'r ea cd ncgativel~-de pite the li g hll~' clamp ed o r u n lable osc illalions a t ,the higher negat ive values of (\,.
ince th e pilot co nsidered Lhis Hi ght characLe l'i sLic desirable, th e be t spiral-tabili ty raLing wer e obtain ed wilh th e high er n ega tive val ue of ('n, . .. '
The calculated stability in the negative G n , range ( fig . 7 ) indicates that th e aperiodic modes m erge to form a second oscillation for values of G nT between -2.0 and -5.2. This o cillation was so h eavil y damped that it was never observed in the model flights. Th e constan tly increasing apparent piral stab ili ty observed in the flight te ts as G n T was varied in th e negative direction appears Lo correspond to the increasin g stabili ty of first lhe spir al mode and then th e longperiod osc illation .
Control.-The late ral control ch aracteristic are presen ted in table II in the form of rating based on the pilot's opinion of th e controllability and maneuverability of the model for various value of G"T'
It may be seen from tlu table that as G nT wa varied in the n egative direction th e controllability improved. In th e basic condi tion (case 7), despite th e undamped oscillation, the model could b e flown with only occasional corrective con trol deflections to k eep th e model in the cen ter of the test section. As G nT was increa ed in the negative direction, th e model required progressively less control and with the higher value of G"T wouldiiy uncontrolled for relatively long p eriods of time. (See fig. 6 .) The be t la teral control of the model was obtained with a value of G nT of -3.2, when the lateral motion of tbe model following a di turbance would completely die out before any corrective control wa r equ ired. \i Vhen G n , was varied in the positive direction, the lateral control characteri tics became worse. The model was barely controllable with th e mo t po itive value of G n te ted (ca e , 9) since th e unstable oscillatory motion and th e un table spiral modc n ecessitated constan t corrective control defl ections to prevent the model from crashing.
In the opinion of tb e pilot the model had adequate m aneuverability throughout th e range of C"T tested in t bat the model could be maneuvered to any desired position in the tunnel quickly and easily. In fa ct, had the model not been easily maneuverable, flight with positive values of ('n, migh t have been impossible because of bo th 0 cillatory and spiral instability. In th e n egative range of G nT , it was no t possible to no te the deCl'cased maneuverability or incr eased stiffness in making turns which h as been exp erienced with som e airplanes equipp ed with yaw damp er (r ef.] 2) since teady t urning maneuvers cannot be made in th e Langley free-flight tunnel becfl.use of r e trictions imposed by th e size of the test section.
General flight behavior ,-The general fligb t behavior of the mod el in the basic condition (case 7) was no t satisfactor.v b ecause of the undamped lateral oscillation. .As ('n was T incr eased negatively, the gen eral flight behavior of tb e model improved as a result of both the incr ea ed damping of the oscillation and th e improved spiral stability. The best general flight behavior was obtained with a valu e of G" of T -3. 2 (case 3) . Although this value of G n , produced less damping of the oscillation than the maximum obtained with G nT eq ual to -2 .2, the pilot fel t that the overall fligh t characteristics obtained were a little better because of the b et ter spiral stability and becau e th e model appeared to be somewha t easier to control. As G n was further increased , n egatively, th e progressive clecrease in 0 cillatory stability and the appearance of Lhe objectionable pendulum type of oscillation r e ulted in poorer general flight behavior. With values of G n , gr eater than -5.2 (cases 1 and 2), the overall flight characteristics of the model were unsatisfactory because of th e light l~r damped or unstable oscillation.
When G n T was increased in the po itive direction from th e basic condition (ca es 8 and 9), th e general flight behavior became very poor because of bo th tb e oscillatory and spiral instability.
EFFE CT OF ROLLING MOME T DUE TO ROLLIN G C, p
Small n egative increases in the value of G l caused the p damping of the lateral 0 cillation to improve rapicliy, but fur ther n egative incr eases in G l resulted in no further imp provement in the oscillatory tability. Most of the damping added to the system by the e further increases in G l was p absorbed by the aperiodic rolling mode so that tbe model appeared to be very tiff in roll. Although this fligh t chara.cteristic caused the model to have very poor maneuverab ili ty in roll, th e model was very ea y to control in a wings-level attitude. The general fligh t behavior was considered sati factory only for small negative value of Gj . p Dynamic stability,-The re ult for the damping of tbe lateral oscilla tion indicate that as G l wa increased in the p nega tive direction from the basic value of -0.32 the damping rapidly improved for values of G lp up to about -0.6 (case 13, table II). As G lv was further increased, the 0 cillation coul d not be initiated b ecause the rolling mode W\l.S so heavily damped that the model was e sentis.lly restrained from rolling (case 10 and 11 ). The time lustories in figure 9 show this ch ange in the nature of th e mo tion. In the high n egative range of G lp (-1. 0 to -7.0), some flights were made in which the initiation of oscillations by rudder deflection wa attempted, but these attempts to obtain oscilla tions were not succe sful because the model sideslipped into the tunnel wall before enou gh cycles of the 0 cillation were obtained to p ermit m easurement of the damping. With a valu e of 0 1 of p -0.8, t he oscillation damp ed to one-half amplitude in about 1.4 seconds.
The fligh t records show that increasing G lp in the po itive direction caused the lateral oscillation of the model to become unstable. This instability incr eased very rapidly and, with a r ather small po i tive value of G lp (0.1 ), su tained flig ht was impossible.
A comparison of the exp erimental and calculated value of period and damping of the model is presented in figure 10 . These resul ts show that the experimental values of p eriod and damping are in fairly good agreement with the calculated values for the limited range of negative G lp wher e the period and damping could be m easured. Th e alcula,tions show that b etween the mea ured and calcula ted values of damping shown in figure 10 m ay therefore b e attribu ted at least p artly to the effect of time lag in the stabilization system . The mo t ignilican t change in the dynamic stabili ty of the model as Olp wa varied in the negative direction was the vcry r apid incl'ea e in stability of th e rolling mod e. In th e fligh t te t tms in crease in rolling tability was evidenced by an increase in the stiffne in r oll a Olp was increa ed negatively. With very large n ega tive value of O'p th e model was e entially re trained from rolling. When 0 , wa incr eased p in the po itive direction from the basic condi tion, the model became overly sen itive to aileron con trol ; thi sen itivity indica tes that th e tability of the rolling mode decr eased. No no ticeable change in damping of th e spiral mode of motion occurred throughout the Olp range covered in the te ts.
The tendency toward re traint in roll exp erienced in the Hight test is indica ted in the calcula ted results ( fig. 10 ) wmch show that one of the ap eriodic modes (the rolling mode) became inc1'ea ingly stable as C l p wa increased n egatively. The calculated response for variou values of 0 1 pre ented in 7J figure 11 shows the reduction in ampli tude of the rolling motion as Clp was in creased negaLively from the basic condition. fig. 10.) Control.-The lateral-control rating presented in The aclver e efl'ect of hi gh negative value of (\, on maneuverability might. be eliminated withouL acrificing the de i.rable sLeadiness in wings-level Right n.,-utilizing a control -"stem imilar 1,0 Lh aL suggested in reference 12 for an airplane equipped with a yaw damper. In perform ing maneuvers with an nil'pia nc ('q uipp ed with one fo rm of such a ------------------------------------------------------- 
EFFE CTS 0 DYNAMIC LATERAL STABILITY A TD CO TROL OF L AR GE VARIATIO S I N R OTAR Y DERIVA'l' I VES
conLrol ysLern , defl. ec Lion of th e con L1'ol tick wo uld not directl y defl ect th e ni1e1'ons bu t would modify th e ignal from tbe raLe-ensing device to the er voactualor uch Lh at Lhe ail eron would be defl ec ted in th o manner r equir ed Lo p erform tb e lesil'ed maneuver. T h e Li ffne in roll appal'ent to th e pilot co uld th ereby be gl'ea Lly r ed uced . In ome prcli minar)' te t with anoth er mod el, re ul L wiLh Lh i t)' pe of control sy tem h ave beon VPI"Y aLi facLo r.\' . Wll en I w a va ri ed in th e posit iyo di:recLion from lb e I' basic condiLion (from ca 0 7 Lo ca e 15), con t anL corre Live conLrol wa r equired b ecau e of Lhe u n Lable 0 cilla tion, b uL L h e m odel wa highly m an eu verable in roll. This incr ease jn maneuvernb iJ ity wn attribute 1 to lh e r edu ced dampi ng of th e roll ing modo. (. ee fig. 10 .) Gen eral fligh t behavior,-Tho t wo importan L fad m's a ff ecting th o overall nigh t cb aracLel'i Lic of th e mod el wh en (YIp was vari ed were th e damping of th e oscilla t ion and th e overdamping of the roll ing mod e. T h e b est general flight b eh avior wa ob tain ed with a value of (\ , of -0.8 (ca e 12) . \Va apparen t to th e pilot th a I, th e cl ampin a of Lh e 0 ciliation wa incr easing ' 'lith incr easing OIT' (, ee ca e 19 and 20 , table II.) W h en CIT wa varied in L h e n egative dir ec tion from the ba ic condit ion, oscillatory ins tability was obLained , b u t even with th e high e t n egative v alu e of 0 1 , covered in th e t e ls (-2.9) , Lhis in tab ili ty w a no t grea t enou gh to mnke 
Roiling moment due to yawing, C lr "'J Gl' RI~ l3.-Calcu laled effec t o f C I , 011 slabilily a lld t'o lllpal'i::;on wi l h experim clJ lal data.
which th e constant time la g of 0.05 seconcl wa laken into account. The re ult of the e ea lculalion (T~/2=--1. 3 2) wa in closer agreement with th e exp erimental valu e of 1/ T 1 / 2 . Th e eli crepilncy between the mea ured and ca1cu-lnled values of damping ShO'\'11 in figme 13 may therefore be attributed a l least partly lo the effect of time lag in the tahilization device. Th c calculil ted p eriod, which wa s relatively unaffect cl by time lag, is in fairly good agl'e m en t wiLh the prl'iocl determined from flight r ecord for all values of C lr wh er e oscillations could b e obtained. The e r esults indicate that almos t no variation in p eriod occurred throughout the range of Clr' The calculated r e pon e of the model for a value of CIT of 3.1 3 ( fig. 14) illu trate the ap eriodic divergenc e which made it impossible to obtain a quantitative m easm em ent of damping in th e fli gh t te t for large positive values of Clr' The mo t noticeable change in stability ob erv d in th e fligh t te ts was the ever e piral divergence encountered ,,,ith high po iLive value of C lr . piral in tability occurred with a value of C lr of about 0.3 and became more evere a C lr ,,'a incr eased. ' Wi th a yalu e of CIT of 3. 1 ( ase 20), lhis piral instability wa so great tha t mo L of the flights end ed in crashes. This incl'ea e in spiral instability observed in the fli ght test is predicted by th e damping calculations of figUJ' e 13 a nd is illustrated by the calculated r esponse to rollino-and yawing di turbance in fi gm'e 14.
In the flight te ts th e spiral tabili ty appeared to be inlpl'oYed as (' I r was increa ed in th e negative direction ince the model would fl y for long period of time with control fi..\: ed . Thi increa e in piral tability wa al 0 predicted by lhe calculation . (, ee fig . 13 .) The long-period h eavily damp ed oscillation, which the calculation how is formed from the m er ger of the pil'al and rolling modes in tlw nega tive C Zr range, wa not apparent in the flight te Ls.
F rom the e re ults the variation of the derivative C lr ~Lppears lo ofrcr very little hope for improving th e overall lateral tability chara cteri tic of an airplane. Thi derivative, however , m ay in some ca e b e u ed to redi tribute the damping b etween the 0 cillatory and apcriodic modes if surplus damping of the aperiodic mode i initially pre ent. Preliminary calculation h ave indicated that the damping of the 0 cillation obtained with C nT alone cOlllel be improved appreciably hy utilizinO' C lr lo r edi trihute part of the exce s cl amping of the . pirul modr to the oscillatory modr .
Control.--As CIT was vari ed in th e po itivc direct ion, Lil l' model b ecamr mort' maneuv era bic hu t lll r conlrollabilit y becamc WOI' c. The inCl'e n cd maneuverabiliLy au cd lhe mod el to b e highly r e pon ive to the lightest control defle ction aL tIl e high er vallie of CIT so tha L the model became Yery difficult to control. ~r any of th e flight with a vulll e of ( 'I r of 3. 1 ended in crashes b ecause th e model wa inad-\'ertenlly 0 ere n.lrolled; yet, reduci n thr co ntrol defl eC'-lion diclnot seem advisable beca use at time large con trol defl ections wrre required to recover from th r rapid roll-orr into a spiral. (Sce fig. 12 .) In this ca e th r model appeared to b e highly maneuverable wh en the pilot rolled th e model from an initial wing -level flight atlit ude; however , in t he attemp t to recover from a large angle of bank following uch a roll-off , applicalion of full oppo ite control did noL produce immediatc recovery. Th e maneuverabilit)-in thi condition was th erefore con ider ecl not entirely sali factory. B ecau e of th e inabiliLy to e tablish a definite overall e timate of the maneuverability with positive values of C zr , no m aneuvcr abilityrati ng were a sign ed for the condition in table II. Whcll C'T wa s va ried in the negative direct ion (cases 16 and 17), th e con trollabili Ly b ecam e \\"01' e becau e co rrect ive control \\"a required to prevent th e wl stab le oscillation from building up lo l a rge amplituc\ps. Ev en at the highes t n egative valu c of ('" tested, howevl:'r, the 0 ('illator)" illsta bilit y was I:'as i/," C"ont roll l:'d. 1'h l:' mane uvcrability of thl:' m~dl:'l was sa' ti fac tor.," in t11 1:' nl:'gati,'c nln gl:' of ('" a nd W fL not. apprl:'("inbly difl"err nt from thaI, o f the b<l ic conditioll.
General fl.ight behavior.-Thr o nl y improvr nH'n L in Lhe general IIighL behavior Lhat res ult ed from varying ( \ wa obtained with <1 vrr.'" small po itivr in(Tea e (from 0.1:3 to 0.3), and this improvrment was vel" " slighL. In thi condition (case J ) the sli g ht increa e in osc illatory t a bility was con ider ed more important to the general fl ight behavior than th c drc rease in conLl'ollab ilit. ,". With furth er po itive inc reases in C, (case 19 and 20) , the general fli ght behavior , becam e worse d es pi te the increase in oscillator~" stabili t." .
Poor con trollabili t~" and sev e re piral i nsLa bil it.,", wh icll more Lh a n ofrsl:'L th r incrl:'ased dampin g of t,h r laLl:'ral oscillatiOll , w(')"e thC' C(UlSC'S of thi s poor general fli ght behav io r. As ( 1, wa s in creasC'd in the negatin' direc tion , titr un s tablC' , osc illati o n caused thC' gC' l1C'ral fli g iJ t bdlayior o f the model Lo be comC' worse.
These res ults i ndi cate th aI, vc r.'" liLLIe improvC'm e n L in overall flight hC'h av ior of a n airpla nC' can be obtained with a challo-e in (" " C'xcC' pt , perhaps, in th e casC' of an airplan r with a ubsta ntial amount of aperiodic tabiliLy in th e bas ic co nditioll .
EFFECT OF YAW1NG MOME T DUE TO nOLL! G C' p
In(Teas in g the yalu e of C" in Lh e posiLiyc dired ion ca used ~ p aver.'" mpid improycme nt in damping of th e lat eral 0 cillaLion, but thi s ll11proYCIl1e nt in clamping \\'a obtain cI at t.h C' expense of the normall.," well-damp ed rolling mode. Th e d ecr easC' ill Lhe tablliLy of til C' rolling moc/(' ca usrd litr controllab ili t.," ,l nd hC'll cr the ge nrnl1 fli ght behuvior of th C' mod el Lo become prog res i ,"ely \\"orsC'.
Dynamic stability.-ThC' r cs ults of fligh t Lest indica ted th a t a s milll pos iti" C' inC'rea e in the value of (in p ca u eel a large improvement in damping of the lat em l osc illation. The time hi t ori e of figu re 15 ho\\" that as tltC' valu e of in the n eo-ative direcLion from the ba ic co ndition Lhe lateral oscilla tion bce ame uns tablC'. BecausC' of Lhi increa e in o cillaLo l".\" in tabilit.\-, the negative l"<lIWe of ('lip tha t could be exp erim.enLally in.ves tiga t ed wa ver y limited . " ' ith n egative values of ('''II larger Lhan -0.7, th e mod el " "U unflyabl e. In the compari on of the ex perimen tal and calculated o cillator.\" s tabiliL.," of UH' mod el for various villu e of Clip (fi g. 16) , Lh c th eory is ee ll to be in fairl.\' good agreem e nL wiLh th e experimental 1"e lilt for d amping of Lh e oscillation. Th e increase in p eriod for m a ll po i tive value of Clip predicted by the calcul aL ion , however , was not observed in the High t te ts. Th e calcul a tions prediet a continurd inC'r ea e in damping of the shott-period 0 ('ill at ion for positive value of ('''I) larger Lhan tll e maximum va lu e tes ted (0 .9) for which flight could he made. ThC' cal c ulated re pon se of the model ( fig.  17 ) for the valu e of ('n p o f O. how th e aperiodi c divergence T h e r esul ts of calcula tion , however , show th at th e Labili Ly of th e piral mo de r em ained u nchan aed up to a valu e of C np of 0. 5, wher ea th e tability of th e rolling mode decr ea eel r apidly. (ee fig. 16 . ) A decr ea e m tability of th e rolling mode t her efor e migh t ometime b e rni tak en fo r spiral instabili ty.
Th e calculated 1'e ult in fi gm e 16 show th aL, alLhough th e l'on ing mod e r emained able up to th e point of it m erger wi th th e piml mode a L a value of l1 p of about 0.55, i t was con iderably l ess damp ed Lhan in any other .fligh t condition T h e r e ul t of Lh ese Lests and calculation indicaLe that Lh e derivative Onp migh t po sibly b e u eful Jot' r edi Ll'ibuting th e n a Lmal lamping of an airplane in case wher e th e airplan e ha more Lhan. adeq ua Le damping of th e rolling mod e.
The r e ul ts of reference 2 incl icate Lh at lh e usc of e"p in combina tion wi th Ot will pI' viele an il1c1'ea in 0 cilI a tory p tability withou t a 10 in rolling tabili L)' ince, a pr eviously discu ed , the use of th e del'iva tive Ip alo ne cau e a large increase in t h e stability of t h e rolling mode. U e of Gnp alone, h owever, obviou ly i lin1ited to values Ie s th an t ho e which would cause the unde irable ap eriodic motions exp erienced in th e e tes t .
Control.-D espi te th e increa ed damping of th e la teral o cillation as " wa incr eased from 0.3 Lo 0.4 (ca C' 23 and p 24) , th e controllabili t." of th e m odel b ecam e wor e a a 1'e ul t of th e increa e in apparent pi1'al in tabili L)-. WiLh mall po itive incr ea es in Lh e value of G"p ,Lh e m a ncuvcrabi lit), of th e m odel improved , a nd with th c high c L posiLive val uc of 0" cover ed in Lh e to Ls (0. 9, ca e 25), th e mod el ap peared p Lo b e h igbly ma neuvc rablc wh en Lhe piloL rolled Lh e mod l'l from an initia l wi ngs-level aLti tu leo A in L h e case 01' hi gh positive C I " in a n aLLem pL to r ecover from a large a nale of bank following uch a roll-off, application of full oppo ite control did no L produce immedia te r ecove r. " . T h e m aneuverability in this case wa Lh erefore considcred 11 L entirel)-ati factory. B ecau e of Lh e inabilit)-to es ta bli h an over all e timate of the m a neuverabili ty ,,-ith 1)0 ilive valu e of 0" , When Onp was varied in the negative di.J:ection the con-L rollability became pOOl' because con tant corrective control wa required to prevent the unstable 0 cillation from building up to a large amplitude. The model wa uncontrollable with value of On more negative than -·0.7. There wa no 11 appr eciable change in the maneuverability of the model with ncgaLive increa es in On p .
General flight behavior.-The increased damping of the o cilla tion obtained with the mall po iLive value of Onp provided an improvement in the general flight behavior de pite L he decrease in apparent piTal La bility. The pilot fel t LlntL, with Lhe mall po itive values of On ll , the light tendency lowtlTd piral in ta biJi ty (which, in Teali ty, wa decl'ea ed damping of the rolling mode) was not highly objectionable because only small amounts of conecLive eonLrol werc req uiTed. With fmther po itive i11crea e in the value of On p ' however, the unstable aperiodic tendency became 0 ever e tha t the gelleral fligh t behavior was un aLi factory even though the 0 illatory tability conLinued 1,0 improve. When 0" wa varie 1 in the negaLive direction from th e bel ie con- Amount and distribution of the damping of the system.-For a better understanding of tbe effects of th e derivatives on Lhe 0 cillatory Lability and general flighL behavior, both the change in total damping of the sy tem and th redi-L1'ibution of this damping between the variou lateral mocles mu t be con idered. The 1'e ult pre ented in fiO'ul'e 19 show the way each derivative affects the total damping of the ystem. In this compari on the damping i expre eel in tcrms of the ratio B IA where A ancl B are coefficients of Lhc fir t t\\'o term of the laLeral-stability quartic equaLion. Thi ratio i proportional to the total damping. (ee ref . 1 
and 2.)
The e 1'0 lilt ho'" that change in any of the foul' clm'ivaLive call cau e increa es in the total clamping. The greatest increase in clampinO' per uni ch anO'e in a derivative was obtained wiLh negative inc1'ea es in the val ue of Olp' Increasing the value of n Ithou gh changes in th e va lups of Lhe ('ross cierivaLi \'es did affect the tota l damping of the .\' tern , these change pl'imarily caused a redi tribu tion of Lhe damping bet"'een the various lateral mode. These eff ects are important when po sible comb inaLions of de ri vaLives arc beinO' consider ed for improving the clamping of the lateral oscillat ion without fig. 20 ) L he period and th e damping fa tor have been caled up 0 tha,t th e r e ul t can be compared directly with the lamping requirement. In caling up th ese values the model was assumed to be a ~-cale model of an airplane; therefore, the period of the model wa mul tiplied by 3 and th e damping factor was divided by 3.
These resul ts indicate that, in order to ati fy the requirem en t , OnT would have 1,0 be changed from -0.21 to -0.66, Olp from -0.32 to -0. 53, OIT from 0.13 to 0.7 ,01' On p from -0.07 to 0.07. A brief analy i has indicated tha t (if lag and nonJineari ties nre neglected) flny of th e e chano-es can be obLn.ined with a n ar tifi cial-tabilization sysLem. u tilizing co nvenLional-ize con trol mJaces. It should be emphasized, however, Lhat no general co nclusions should be drawn from these r esult ince th ey are for one airplane a,nd one fligh t condition.
A comparison of fi gures 18 and 20 indicate that increaing any of the derivatives excep t IT in cr ea ed the damping enough to m eet the Ail' Force and J avy requirements befor e the general fligh t beh avior became un atisfactory for ome other rea on. Another important point that can b e seen in the comparison of figure 1 and 20 is that the apparen t sup eriority of the derivative Onp in providing damping of the lateral oscillation ,vas not realized because of the sever e apparent spiral instability that resulted with large po itive value of this derivative.
SUGGESTIONS FOR FUTURE RESEARCH
Th e present r eporL cover a part of a,n investigation to determine the be 1, means for improving th e dynamic lateral tability of ail'plane by m eans of ar tifi ial-stabilization sy tems. Thi phase wa concerned primarily w ith the independen t varia tion of th e four rotary stability dm'i vaLives. Another phase of the investigation should be concerned with th e use of combination of these derivatives because it appears possible 1,0 increase the Lotal damping of tbe ystem witb one of tbe dampino-derivatives and then to redistribuLe L his damping 1,0 L he various lateral modes by means of a cross derivative in. order Lo obLain goo d oscillaLory stabiliLy without impairing L he oLh er HighL characteristics.
Tbe present investigation was concerned with pUl'e change in th e foUl' rotary derivatives. Since practical ar tificialstabilization y tern will have a certain amount of lag and nonlinearitie, they cannot produ e pure change in th e derivative. Preliminary calculation indicated that appreciable change in stability may be caused by time lag in the fl r Lifi cinl-Labili zation y Lem. A tudy houlcl ther efor e be undertaken to determine th e ways in which the results of th e present investigation would be altered by the introIuction of these additional factors.
Th e result pre ented in the presenL report are for onl~ one p ar ticular confi gura,tion flnd for one fligh 1, condition. Similar resul t for thi and other configurations for a wiele r ange of fligh t condition should be obtained in e th e eff ecLs of artificial tabilization may vary widely with changes in. the basic condition.
CONCLUSIO S
The results of th e inve tigation to determine Lhe effects on dynamic lateral stability and control of large artificial variations in th e rotary stability derivatives may be summ arized as follow. Although L hese results do not appl)-directly to airplanes 01' flight conditions other than tho e i llvestiga Led , th e trend s of the results presented are believed Lo provide a qua1iLaLive in.dicaLion of Lhe generul efl'ect of large variaLions of th e tab iE ty derivatives.
]. The calculaLed re Lil ts were in qualitative agreement witb the experimental result in predicting tbe general trends in fligh t characteristic produced by large changes in the tability derivatives, but in some cases the calculations in whi h time lag wa neglected were not in good quantitative ao-reement with the experimental results. I n th ese cases, ch eck calcula tions made by taking into account time lag indicated that these discrepancies could be attribu ted to the effect of th e mall constant time lag in the tabilization device u ed. 2. The only derivative which provided a large increase in damping of the lateral 0 cillation without adver ely affecting other flight characteristic wa the yawing moment due to yawing OnTO B ecause of the limitations impo ed by the l'elatively small ize of the test ection of the Langley freefligh t tlmnel, however, the Right characteristic of the model were noL appreciably influenced by the stiffness in Lurning maneuvers which h a been found ob jectionable in ome airplanes equipped with yaw dampers. Oscillatory instability wa produced by extreme increa es in n T in the normally tabilizing direction (negative direction).
:3. lncrea, tng L he rolling moment due to rolling Olp to moderately large negaLive valu es produced sub tantial increases in Lhe clamping of L he laLeral oscillaLion buL cau ed an objectionable tiffness in roll. Further negative increases in Olp did not cause additional increases in th e damping of th e lateral oscillation and made the stiffness in roil more o bj ectionable.
4. Increasing the rolling moment due to yawing OIT in the positive dire tion produced an increase in the damping of the latera.l oscil h Lion but ca u ed an undesirable spiral tendency.
REPORT 1151-NATIO AL ADVISORY COMMITTEE FOR AERO I A TICS 5. Increasing th e yawillo-moment due to rolling C np in the po itive di1"ecLion produ ced a greater in crease in th e clamping oJ Lhe laLer al oscilla tion_ than th at produced by any oth er el eri vatiye but it caused an uncl e irabl e s piral tendenc)' b efor e adding a ubstantial amount of clamping.
orne preliminary calculations h ave indicated th at the use of combin ation of derivative uch as C np and C 1p 01' n T and C lr hould be more atisfactory than the usc of sin o-Ie <l eriva Live for increasing th e damping of th e lateral 0 ('i llation wi t hout impairing othel" Ri gh t. ch ar acteristics. 
